Introduction {#sec1-1}
============

Anchorage control is essential in orthodontics and can affect the outcome of the treatment considerably. Temporary Anchorage Devices (TADs) have become popular in clinical orthodontics due to several advantages especially in the treatment of non-compliant patients.\[[@ref1][@ref2]\]

TADs have the ability to provide absolute anchorage and this fact eliminates the undesirable side effects associated with the conventional biomechanics in orthodontics, thus making possible the impossible considered biomechanics.\[[@ref3]\]

Some of the most widely used TADs are miniscrews,\[[@ref1]\] and these miniscrews can be placed readily at various sites such as in the interradicular alveolar bone and the palatal bone.\[[@ref4][@ref5][@ref6]\] Considerable risks exist when miniscrews are placed in interdental areas.\[[@ref7]\] Root damage can occur from either improper placement of the miniscrews or tooth contact with the miniscrews during orthodontic treatment.\[[@ref8]\] Two methods were used for the placement of miniscrews: self-tapping technique, which requires the preparation of a pilot hole before insertion, and the self-drilling technique, which does not require predrilling.\[[@ref9]\]

Son *et al*.\[[@ref10]\] compared the effect of root contact on the stability of miniscrews in these two methods and they reported that the self-drilling method showed significantly higher mobility than the self-tapping method. Herman and Cope\[[@ref11]\] assessed the extent of root damage after inserting self-tapping manually driven miniscrews. The greatest depth of perforation observed on the roots of the extracted teeth was 0.25 mm with maximum manual force.

In response to traumatic dental injuries, there are two ways in which resorption can happen:(1) external resorption and (2) inflammatory and replacemental resorption or ankyloses.\[[@ref12]\]

Andreasen\[[@ref13]\] evaluated the healing process after surgical injuries in the roots of rat teeth. He concluded that the repair of cementum and PDL occurred after 14 days and increased over a course of long-term observation.

Asschericlex *et al*.\[[@ref14]\] histologically examined three teeth injured secondarily to miniscrew placement and concluded that the initial repair of the periodontal structures occurs in 12 weeks after the removal of screws, with healing nearly completely achieved after 20 weeks.

The aim of this study was to evaluate the histological response of cementum, root dentin, and pulp following intentional root injuries caused by self-tapping and self-drilling miniscrews.

Material and Methods {#sec1-2}
====================

Fourteen female orthodontic patients (14--18 years old with a mean age of 15.7 years) were included in this study. The selected patients were in their permanent dentition stage and they were candidates for the extraction of all four first premolars as part of their orthodontic treatment plan.

Patients who had systemic diseases, decayed teeth, and restorations on their first premolars, as well as patients with periodontal breakdown and periapical pathology of first premolars were excluded from the study. All patients and their parents received explanations about the protocol of the study and signed a consent form, which was approved by ethics committee of Mashhad University of Medical Sciences.

Required photographs and radiographs for the orthodontic treatment were taken for each patient. Standard edgewise 0.022-in brackets (Dentarum, Germany) were bonded to the first premolar teeth. The custom-made wire guide was fabricated. The guide was comprised of a stem of 0.017 × 0.025-in stainless steel wire, to which five 0.016 × 0.022-in stainless steel wires were welded horizontally at the intervals of 2 mm from each other \[[Figure 1](#F1){ref-type="fig"}\]. To determine the exact insertion site of miniscrews, the guide wire was inserted in the vertical slot of brackets along the long axis of the tooth. Then, a periapical radiograph (with paralleling cone technique) was taken. This method helped us to determine the exact placement of miniscrew to ensure root contact.

![Custom-made wire guide](JOS-6-91-g001){#F1}

Self-tapping and self-drilling miniscrews (G2A, 8 mm length, 1.4 mm diameter Jeil, Seoul, South Korea) were used in this study. Self-drilling miniscrews were inserted in the mesial side of the first premolars of left quadrants (upper and lower) under local anesthesia. The custom-made guide determined the exact insertion site, so that the miniscrews were inserted 6 mm above the cementoenamel junction (CEJ) and to standardize the degree of damage, nearly half of the diameter of the miniscrew (0.7 mm) was designed to establish root contact. After causing intentional injury to the roots, the miniscrews were removed immediately.

In the mesial side of first premolars of upper and lower right quadrants, a hole of 1 mm in diameter and 6 mm in length was drilled with a number 1 pilot drill (Jeil, Seoul, South Korea) using a slow speed (35 rpm) handpiece under continuous saline-solution irrigation. Then, a self-tapping miniscrew (Jeil, G2A, Seoul, South Korea) was inserted in the prepared hole and after root contact establishment, the miniscrew was removed immediately. Similar to the self-drilling miniscrews half of the diameter of miniscrew (0.7 mm) had established root contact. The exact insertion site was determined similar to the previous group.

In days 0, 1, and 56, the pulp test using a cold spray (Denronic, Germany) was performed to evaluate clinical pulpitis. If the patients reported pain for less than 10 seconds, the pulp condition was considered normal and if the pain perception was more than 10 seconds, the pulp condition was reported as pulpitis. Eight weeks after the insertion of the miniscrews, the first premolar teeth of patients were extracted for orthodontic purposes.

Immediately after extraction, the teeth were fixed in a 10% neutrally buffered formalin solution for 48 hours, and then demineralized in 10% ethylendiaminetetraacetic acid (EDTA, MERK, Germany) for 60 days.

After ensuring complete decalcification, the teeth were embedded inside paraffin blocks and serially sectioned in a mesio-distal direction with the microtome set to 4μm. Hematoxylin and Eosin staining was performed for histological examination.

A pathologist examined all histological sections under a light microscope. Root repair, formation of reparative dentin on the pulpal side, and the inflammatory responses of the pulp were evaluated. Results were reported according to the criteria described below:

For the healing of resorption lacuna with restorative cementum:

Without repairPartial repair: part of the surface of resorption lacuna was covered with reparative cementumFunctional repair: the total surface of resorption lacuna was covered with reparative cementum without root contour reconstructionAnatomic repair: the complete surface of resorption lacuna was repaired by reparative cementum with the reconstruction of root contour.\[[@ref15]\]

For the inflammatory response:

Grade 1: No inflammatory cellsGrade 2: Less than 10 inflammatory cellsGrade 3: severe inflammatory lesion, which appears as an abscess or too many inflammatory cells in coronal pulpGrade 4: necrosis of pulp.\[[@ref16]\]

Results {#sec1-3}
=======

Fourteen patients (56 teeth) fulfilling the inclusion criteria and exclusion criteria were enrolled for this study. Three teeth were excluded from the study because of the improper preparation of histological sections. None of the patients complained of pain after the trauma. All teeth were extracted eight weeks after the injury and underwent histopathological examination. Of the 53 teeth evaluated histologically, it was evident that the dentin in all specimens was damaged without reparative dentin formation. No pulpal damage was seen in any histological section. The teeth showed a normal repair process by recruitment of cells especially cementoblasts \[Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\].

![Roor resorption without repair. Dentin (D). (H and E staining, original magnification 100×)](JOS-6-91-g002){#F2}

![Functional repair with cellular cementum. Cementum (C), Dentin (D). (H and E staining, original magnification 400×)](JOS-6-91-g003){#F3}

![Partial repair with cellular cementum. Cementum (C), Dentin (D). (H and E staining, original magnification 100×)](JOS-6-91-g004){#F4}

Nearly 75% of the examined teeth (*N* = 40) showed repair with cellular cementum (either partial or functional) and the others (*N* = 13) showed no cementum repair.

[Table 1](#T1){ref-type="table"} shows the status of cementum repair in the injured teeth. There was no significant difference in cementum repair status between the upper right (self-tapping) and the upper left (self-drilling) quadrants. In addition, there was no statistically significant difference in cementum repair status between the lower right (self-tapping) and the lower left (self-drilling) quadrants \[[Table 1](#T1){ref-type="table"}\]. Comparison between the right side (self-tapping) and the left side (self-drilling) showed that there was no significant difference regarding cementum repair between these two groups \[[Table 2](#T2){ref-type="table"}\]. In all examined teeth, the histopathological evaluation of pulp showed few or no inflammatory cells (grade1) and the clinical evaluation of pulp (the cold test result) was reported within the normal range \[[Figure 5](#F5){ref-type="fig"}\].

###### 

Status of cementum repair in injured teeth

![](JOS-6-91-g005)

###### 

Comparison between the right side (self-tapping) and left side (self-drilling) regarding cementum repair

![](JOS-6-91-g006)

![Photomicrograph showing grade 1 inflammatory response of pulp. Dentin (D) (H and E staining, original magnification 400×)](JOS-6-91-g007){#F5}

Discussion {#sec1-4}
==========

Cementum repair after intentional root injuries caused by TADs has been evaluated qualitatively\[[@ref3][@ref17][@ref18]\] and quantitatively.\[[@ref19]\] In our study, we compared the healing status of the cementum after intentional root injury using two methods of miniscrew insertion; self-drilling vs. self-tapping techniques.

The histological examination was used to evaluate cementum repair, which has been well documented in the literature.\[[@ref20]\] In our study, 40 teeth (75.4%) showed repair with cellular cementum (22 teeth, partial and 18 teeth, functional). No anatomical repair was observed in the repaired teeth. Owmann *et al*.\[[@ref15]\] reported that anatomical repair occurred only in the apical third of the root. However, in our study, the middle third of the root was injured using the miniscrew. Healing cementum was almost exclusively of the cellular type. In our study, histological examination was performed eight weeks after the removal of TADs.

Kadiaglou *et al*. showed that after the elimination of the stimulus, cementum repair may be observed after 3 or 4 weeks by scanning electron microscopy (SEM).\[[@ref8]\] Nevertheless, in the study of Chen *et al*. cementum repair was not observed even after 24 weeks.\[[@ref21]\] It should be noted that these two studies were performed on animals. Ahmed *et al*.\[[@ref19]\] evaluated the reparative potential of cementum histologically after initial root contact with self-drilling miniscrews in human subjects and concluded that the cementum repair was nearly completed in 8 weeks. Brisceno *et al*.\[[@ref3]\] used self-tapping miniscrews for this purpose. In our study, we used split mouth design to compare self-drilling miniscrews and self-tapping miniscrews with regard to the amount of root injury.

At the self-tapping side, 69.2% of the injured teeth showed repair and at the self-drilling side, 81.5% showed cementum repair. Hole preparation in the self-tapping technique may compromise the healing process,\[[@ref22]\] although there was no statistically significant difference between these two different techniques (*P* = 0.3). Renjen *et al*.\[[@ref18]\] also reported that there was no significant difference in the healing status of roots between self-tapping and self-drilling miniscrews.

In our study, none of the injured teeth showed formation of reparative dentine on the pulpal side. Also, in Brisceno *et al*.\[[@ref3]\] and Renjen *et al*.\[[@ref18]\] studies, the formation of reparative dentine was not reported. It has been shown that the formation of the reparative dentine occurs following chronic traumatic injuries and it is stimulated when the remaining dentin is reduced more than 1.5 mm.\[[@ref3]\]

It has been reported that deep injuries to the root following the insertion of miniscrews could devitalize the injured tooth.\[[@ref23]\] In our study, the inflammatory status of pulp was reported as grade 1 for all teeth and the cold test was within the normal range. In the previous studies, similarly, clinical pulpitis was not observed.\[[@ref8][@ref18]\] Despite the absence of clinically significant damages, clinicians should be conscious when placing miniscrews and precise clinical and radiographic evaluation of the insertion site should be taken into consideration.

Conclusion {#sec1-5}
==========

In this study, in most cases, the cementum repair --- either partial or functional --- was observed eight weeks after the injury, which represented the beginning of repair in this period. Teeth injured by self-tapping miniscrews showed less cementum repair compared to the teeth injured by self-drilling miniscrews. However, this difference was not statistically significant. Thus, as suggested in previous studies, all preventive procedures before inserting the miniscrews should be considered to avoid damage to the adjacent teeth.
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